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Abstract:
The purpose of this project was to try and better understand the risks posed to the
Yunguilla community in an increased rainfall climate change scenario. While climate modeling
is not exact, many models do predict increased rain and storm intensity in this area
(“Explainer…”, 2018). This project studies erosion risk, and the potential damage to crops
through a series of experiments and mapping.
The first experiment used three hydration percentages 50, 75 and 100, to water two crop
types, Fragaria and Caspium, and monitored plant health to see the water's effect. The hydraulic
stress testing did not model an increased rainfall scenario as was hoped. At all hydration levels
the plants quickly became waterlogged (photo 5). However, it did show the importance of soil
drainage for the Yunguilla climate. Aall hydration points, when converted to mm of rainfall,
would have fallen below average Yunguilla rainfall according to previous years data (Graph 1).
This means that without well drained soil, plants would very quickly become waterlogged. Soil
drainage will only increase in importance in an increased rainfall scenario.
The soil used for the hydraulic stress testing, had been fortified with compost which
seemed to give even the waterlogged plants the nutrients needed to survive, and the controls also
grew well in the same soil indicating good nutrient value. However, compost assists with the
retention of water (Doung, 2013). Should Younguilla get more rain, less compost may have to be
added in order to increase drainage.
The second experiment collected data on the quantity of water needed to cause erosion on
a 1X1 meter plot on various slope gradients. The data collected did show a correlation between

2

slope and water quantity. The steeper the slope the less water was needed. However this
correlation of water to slope was only moderate.
Soil samples were also taken at each test site to get a baseline for Yunguilla soil, and test
the correlation between soil type and erosion. The soil was found to be uniformly sandy. The
study did not find a correlation between soil competition and water needed to cause erosion.
In both the case of slope to water needed to cause erosion and soil type needed to cause
erosion the weak correlations were likely due to a lack of data. It has been shown in other studies
that there can be a great variance in runoff test to test, and site to site. Even under the same
conditions, quite a bit of data is needed to establish a baseline erodibility factor for a particular
area (Alewell, et al., 2019).
Finally the maps were able to show areas with comparatively steep slopes, as well as land
cover flagged as “risky”. These were then overlaid to show areas that had higher erosion risks
compared to other areas around the community. These maps could be useful in making
reforestation decisions. That said, these maps can not help predict the actual likelihood of
erosion, only show the sites more likely to erode, based on the factors of land use and slope.
Resume:
El propósito de este proyecto fue intentar comprender los riesgos que la comunidad de
Yunguilla en Ecuador podría verse enfrentada en un escenario de aumento en precipitaciones
debido a un cambio climático. Aunque los modelos de cambio climático no sean exactos,
muchos modelos predicen un aumento de la lluvia y una mayor intensidad de las tormentas en
esta área de Ecuador (“Explainer…”, 2018). Este proyecto estudia el riesgo de erosión y el daño
potencial a los cultivos en el área a través de una serie de experimentos y cartografías.
El primer experimento utilizó y monitoreo tres porcentajes de hidratación 50, 75 y 100,
para estudiar y observar el efecto del agua en la salud de las plantas. Las pruebas de estrés
hidráulico probaron no poder modelar un escenario de incremento en precipitaciones, como se
había esperado. En todos los niveles de hidratación, las plantas se anegaron rápidamente (foto 5).
Sin embargo, el experimento sí demostró la importancia de un sistema de drenaje del suelo para
el clima de Yunguilla. En todos los experimentos con diferentes puntos de hidratación, cuando se
convirtió los porcentajes en mm de lluvia, todas las cantidades de aguas lluvias habrían estado
por debajo del promedio de precipitaciones que caen anualmente en Yunguilla, según datos de
años anteriores (Gráfico 1). Esto significa que sin un suelo bien drenado, las plantas se anegarían
rápidamente. El drenaje del suelo sólo aumentará en importancia en un escenario de mayor
precipitación.
La tierra utilizada en la prueba de estrés hidráulico había sido fortificada con abono
orgánico que parecía proporcionar a las plantas, incluso a las plantas anegadas, los nutrientes
necesarios para sobrevivir. Incluso las plantas control también crecieron bien en esa tierra, lo que
indica un buen valor nutricional para todas las muestras. Pero es importante destacar que, como
el compost (abono orgánico) a menudo ayuda con la retención de agua (Doung, 2013), en el caso
que la región de Yunguilla comience a recibir más aguas lluvias, es posible que se deba agregar
menos compost para aumentar y privilegiar el buen drenaje.
En el segundo experimento realizado, se recolectaron los datos sobre la cantidad de agua
necesaria para causar erosión en una parcela de 1X1 metros en varios tipos de pendientes. Los
datos recopilados en el experimento demostraron que existe una correlación entre la gradiente de
una pendiente y la cantidad de agua necesaria para provocar erosión. Cuanto más pronunciada es
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la gradiente, menos agua se necesita para provocar erosión. La correlación del agua con la
pendiente que se encontró en el experimento fue sólo moderada.
Durante el segundo experimento, se recolectaron muestras del suelo en cada sitio de
prueba para obtener una línea de base sobre el tipo de suelo de Yunguilla y también para probar
la correlación entre el tipo de suelo y la erosión. El estudio encontró que los tipos de suelo eran
uniformemente arenosos. El experimento no encontró una correlación significativa entre
diferentes tipos de composición del suelo y la cantidad de agua necesaria para causar erosión.
Es probable que la falta de resultados conclusivos en este último hallazgo se deba a una
falta de datos. Se ha demostrado en estudios anteriores que, incluso en ese caso, puede haber una
gran variación en los datos de una prueba a otra y de un sitio a otro, incluso con las mismas
condiciones. En otros estudios se ha establecido que una gran cantidad de datos deben ser
recolectados para establecer una línea de base para el factor de erosionabilidad de un área en
particular (Alewell, et al. 2019).
Los estudios cartográficos del experimento mostraron áreas comparativas de pendientes
consideradas empinadas y cobertura terrestre marcadas como "de alto riesgo". Estas áreas de
pendientes y terrenos de alto riesgo estaban luego superpuestas a las áreas que tenían mayores
riesgos de erosión en comparación con otras áreas de la comunidad. Estos mapas podrían ser
útiles para tomar decisiones en prácticas de reforestación. Es decir, estos estudios cartográficos
no sostienen una utilidad como una herramienta para predecir la probabilidad real de erosión,
pero si pueden ayudar a indicar los sitios con mayor probabilidad de erosión en función de los
factores de uso del suelo y pendiente.
Introduction:
Cloud forest ecosystems are created by cool air currents being deflected upwards by
mountains which causes a year round layer of clouds at canopy level (Encyclopædia Britannica).
This constant cloud layer creates a very wet ecosystem that supports a massive amount of
biodiversity. However, because the mountains foster this rain shadow effect, it also means that
cloud forests exist on steep slopes. For communities that exist in cloud forests, managing heavy
rain and erosion is incredibly important for successful agriculture.
Yunguilla is situated in one such cloud forest, at 2,650 meters altitude (“Cultivos
orgánicos”). The small town is situated on the western side of the Andean range, which gives the
area the needed rainshadow effect to be a cloud forest. This study was done during the month of
April, considered part of the rainy season in Ecuador. In April, Yunguilla sees an average rainfall
of 428.06mm, and approximately 29 rainy days, in the month. Most rainy days give 1-10 mm of
rain, with only 1-2 days having heavier rains according to weather data from last April
(Schludecker, 2022).
While there is no official data yet, local community members have noted that this rainy
season has been uncharacteristically wet, even for the cloud forest. This snippet of local analysis
could be natural fluctuation in weather patterns, but it could also be evidence of a global and
more worrisome phenomenon: climate change.
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Map 1: Shows the study site Yunguilla in the context of its location within Ecuador.

Accurately predicting future weather patterns is challenging. Most researchers use
multiple highly complicated models, whose data varies and then avrage the predictions of those
models to try and accurately predict future weather (“Explainer…”, 2018). Unfortunately, the
hundreds of variables that must be taken into consideration make even our best predictions only
a bit more accurate than guesswork.
In the case of Yunguilla however, there are trends across articles that point to increased
rainfall being a reasonable prediction. More rainfall is predicted in Quito, which is an hour away
from Yunguilla, by two different studies, one of which also predicted the increase in “heavy
rainfall”, or intensity of rainfall over the 90th percentile (Serrano). Another paper looking at
global predictions supports this claim saying; “the average of the models shows large increases
in precipitation near the equator, particularly in the Pacific Ocean (“Explainer…”, 2018)” and
further stated that warming is expected to result in dry areas becoming drier and wet areas
becoming wetter.
Furthermore, even studies that predicted increased drying, or said results were
inconclusive did agree on one thing: there will be an increase in “extreme weather events”
(Serrano). Most climate models generally agree that precipitation, when it does occur, will
become more intense nearly everywhere. By 2100 a 16-24% increase in heavy rain is predicted
(“Explainer…”, 2018). The National Communication of the Republic of Ecuador to the United
Nations Framework Convention on Climate Change also predicts increases in extreme rainfall
are trends, and the world bank states “ Climate change is expected to increase variability and the
incidence of extreme weather events, such as droughts, floods, and intense rainfall events
(“Vulnerability…”).” Therefore, even if there is not a general increase of rainfall in Yunguilla, it
is safe to assume the community will not be spared from its fair share of extreme weather events,
some of which will most likely be heavy rains.
The Community relies on tourism, and farming for income. A variety of fruits,
vegetables, and herbs, are grown year round on small huertas and farms. These products are used
for their jam business, commercial sale, and for personal consumption (“Cultivos orgánicos”). So
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the potential effects of increased rainfall, which would in turn affect crop health, is of vital
importance for the community’s economy.
The effect of overwatering on plants is well studied. When plant roots are constantly
inundated, or otherwise consistently too wet, it causes oxygen deficiency in roots (Atwell &
Steer, 1990). There are a variety of factors that affect a plants ability to survive extremely wet
conditions, including: the plant's own adaptation and water tolerance, plant age or development,
soil porosity, soil microbes, and drainage (Schaffer, Andersen, & Plotze 1992). Therefore, while
we can anticipate a decline in plant health, every local ecosystem’s soil and climate, will affect
results, so further study is important to understand the true impact of hydraulic stress in that area.
For the purposes of this study plants from the strawberry (Fragaria), and peper
(Capsicum), genuses were used. While watering requirements vary based on species, as well as
environmental factors, Fragaria is known to require relatively high amounts of water
(Klemkowski & Treder, 1970), estimates for inground planted strawberries are 25-50 mm daily
(“Growing berries' '). In contrast Capsicum requires only 800.84 mm over the course of an entire
crop season (Shukla, Bhakar, & Lakhawat, 2018), giving us two test crops with very different
adaptations, in hopes of limiting the effect of plant type on the study. The point of this
experiment was to better understand what different levels of water saturation mean for soil in
Yunguilla, and how it would affect crops. In addition to this part of the experiment, soil analysis
was done to further understand drainage, and soil composition which are other major factors in
the survival of crops.
The other environmental risk analyzed by this study was erosion. Two factors were
looked at to predict erosion slope and crop cover. The link between slope and erosion has been
proven many times over (Benavidez, Jackson, Maxwell, & Norton, 2018). Slope (S) is one of six
factors used in the universal soil loss equation (USLE): A=R×K×L×S×C×P , which has become
the standard equation for predicting soil loss. The soil erosion portion of the study analyzed the
effect of slope on the quantity of water needed to cause erosion, on different slopes around
Yunguilla. Much like the hydraulic stress testing outcomes were fairly predictable. The purpose
of the experiment was not to confirm that slope affects erosion, but to see how slope would
impact erosion on this particular area's soil. GIS mapping using a digital elevation map (DEM),
was then done in order to find erosion risk sites based on slope steepness.
The second factor C in the USLE or Crop cover was also mapped. Bare soil, grass, and
forest were categorized based on satellite imagery. As visible in map 2, brown areas represent
bare soil, light green shows grass cover and darker green is forest. These assumptions can be
further corroborated by photos 1 and 2 of the study area taken north and west, showing the
ground cover. This mapping allowed for the creation of a visual representation of risk areas
based on ground cover. While this study focuses on only two of the six factors in the USLE, and
can not accurately predict erosion quantities, it can serve as a baseline for erosion risk in the
area.
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Map 2: Shows the Yunguilla study site with easily visible cover types.

Photo 1 & 2: depicting the north and west view of Yunguilla respectively.
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Methodology:
Soil Testing
1. The soil chosen for the planting experiment (most common in gardens of community),
was tested for water holding capacity. Each pot was filled with 0.7 kg of soil (the same
amount used in pots). Water was measured and poured into the soil until it appeared to
reach a 1:1 ratio, where the water was no longer being retained by the soil.
a. This amount of water per cubic meter represented 100% saturation for the
duration of the study, and was used to calculate 75%, and 50% saturation.
2. soils were then be tested for composition, using the “jar test method” by Clemson
University:
a. Large organic matter (leaves, sticks, roots, etc.) was removed.
b. A jar was filled with soil.
c. The remainder of the jar was filled with clean water.
d. The jar was capped and shaken until the soil formed a slurry.
e. The jar was then left until all particulate matter had settled.
f. The soil layers were identified, and a rough percentage of clay, sand and silt was
calculated.
g. Using these percentages the soil was classified using the USDA soil triangle.

1. The following procedure was done to test soil drainage:
a. An 8 by 8 inch hole was dug in a tilled and untitled field of the same soil type.
b. To each hole was added 8 cups of water, which was allowed to drain. After which
4 cups of water were added and the time taken to drain was timed.
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Plant Hydraulic Stress Testing
1. To all pots 0.7kg of soil was added. Four of each crop, Caspium (peper) and Fragaria
(strawberry), were designated for a saturation percentage of 100, 75, or 50. In total 8
plants were designated to each hydration percentage.
2. Plants were placed under a roofed area in order to better control water amounts.
3. All pots were labeled with crop type and designated water saturation percentage.
4. Plants were watered daily at their designated hydration percentage.*
5. A control was also to be planted in the field from which the soil had been taken for the
experiment. These plants were not watered and only received rainfall.
6. Qualitative data on the health of the plants will be taken every three days. Root rot, leaf
yellowing, brown spots, fungus and molding were all looked for, and each plant was rated
in health from 1-10, 1 being healthy 10 being dead or 100% damaged.
7. Pots were rotated around the roofed area to avoid biases of better sunlight etc.
*After problems with methodology, as discussed in the results and discussion section (see photo
2), the methodology was changed to only water every third day.
Soil Erosion testing
1. Slopes from areas near roadsides around the community were measured and recorded.
a. The slope of each site was measured using a phone application.
b. Stakes were placed to outline a 1x1 meter area.
2. Sites were chosen based on accessibility for equitpent and with the intention of having a
variety of slopes represented.
3. A hose was placed in a bucket, and water was siphoned out.
4. Water was measured into a bucket and poured on site 1 quart (946.3 ml) at a time.
5. The quantity of water needed to produce erosion was recorded.
a. In this case, producing erosion was defined as material (soil, leaf litter, ect) from
the top of the 1x1 meter square being transported by water to the bottom, this
would model a fairly extreme erosion event as opposed to more typical gradual
erosion.
Erosion Risk Assessment
1. An erosion risk assessment was done using satellite imagery (from 2020) in the program
ArcGISpro, as well as confirming the accuracy of the imagery by physically ewing the
location.
2. Erosion risk was determined by two factors: Ground cover, and slope.
a. Slopes were calculated in ArcGISpro, using a digital elevation map by the USGS.
b. Slopes of above 38 degrees were flagged as high risk, while 28-37 degrees was
medium, and 28 or less was low.
c. Ground cover was divided into three categories: bare soil (no cover), grass (partial
cover), and forest (full cover).
d. Bare soil was classified as high risk, grass medium risk, and forest low risk.
e. These areas were found via satellite and confirmed in the field, and a polygon was
created to represent each area.
3. After separately evaluating these factors and mapping them in GIS an overlap was
created showing mid to high risk slopes that overlap with no cover and partial cover land.
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Statistical Analysis:
Plant Hydraulic Stress Testing
1. The quantity of water required to achieve a 50%, 75%, and 100% saturation rate was
calculated by adding water to 0.7 kg of soil until no more water was retained in the soil.
2. A normal curve based on average rainfall was calculated using previous rainfall data
points from: Meteoblue (Stonjek, 2022).
a. The distribution curve was calculated using the standard deviation and normal
distribution function in excel.
3. The amount of water needed to reach 100%, 75% and 50% saturation was placed on the
normal curve to identify the probability of these saturation points being reached.
a. Millimeters of water added to pots was converted to millimeters of rainfall by
finding the area of the pot and dividing the millimeters needed for saturation by
the area. The following formulas were used:
i. pot diameter: 127mm
ii.
2πR where R=796.96 mm
iii. 190ml/ 19.635 mm2
4. Average daily rainfall for Yuguilla in the month of April was calculated by dividing
average monthly rainfall by 30.
a. 427ml/30 days in April =14.23 mm
5. Graph 2 was created showing average health of plants over time. This was calculated by
taking a mean score of each hydration category for each observation day and plotting in
Google Sheets.
Erosion Testing
1. Correlation of slope (X), to the quantity of water needed to cause erosion (Y). Was
calculated by finding a mean water quantity needed to cause erosion for all five
inclination categories which were the following: 2.9-19, 20-27, 28-30, 31-37, 38-53.
2. These categories were created automatically using the GIS based on the DEM of the area.
3. The correlation coefficient for the association of slope, soil clay content, soil sand
content, and soil silt content, to quantity of water needed to cause erosion was calculated
using the CORREL function in Google Sheets.
Limitations:
There are some significant limitations to this project that should be noted. First in the
hydraulic stress testing experiment, plants were chosen based on availability rather than what is
actually grown in the community. Second, the plants were purchased in an adult stage, rather
than sewn as seedlings. The stage of life of these plants most likely deeply affected the health
results, as seedlings are generally more susceptible to drowning. Also, the plants were monitored
for only one month, so controls could not be compared to experiment plants for fruit yield. It is
possible that while the Fragaria plants looked relatively healthy they would have had lower fruit
yield if severely over-watered, which is an important consideration for a farmer.
In the case of mapping and erosion testing each site was only tested once, which does not
allow for the creation of a baseline for erosion. Furthermore, the method used did not mimic the
effect of rainfall and the definition of erosion used was fairly extreme in order to be visible to the
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naked eye. When creating the maps, only slope, and ground cover were assessed. While these
factors are important they are only two of the six in the USLE, which is the scientific standard
for erosion predictions.
Results:
Soil Analysis
According to local informal interviews the soil shown below (photo 1) is typical in both
type and moisture level for a Yungilla garden plot. Photo 2 shows the composition of the soil
used for the experiment on plant hydraulic stress testing. The soil is sandy loam, with high
content of organic matter added to it. According to locals, the plot used in the hydraulic stress
testing experiment used to be all sand, and they have successfully increased soil quality. This
type of soil means high drainage, which is good for a wet environment, but sandy soils also tend
to be more susceptible to erosion, and less nutrient rich than loam (“Soil erosion and
sedimentation”). The drainage of the soil was found to be consistent with this trend when tested.
Tilled soil requires approximately 5 minutes 30 seconds to drain 4 cups of water during the
second fill while untilled soil requires 7 minutes 30 seconds. There are no official metrics for this
field test, but this drainage speed is considered high, even too high for an environment where
water is not so readily available ( Nardozzi & Simon, n.d.).
Photo 3 & 4: A typical Yunguilla soil according to local farmers. Average soil hydration
is depicted in photo two, and is considered ideal for crop growth according to local people.
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Plant Hydraulic Stress Testing
In order to create a 100% saturation in 0.7kg of soil, 190mm of water was needed.
190mm of water in the average pot size used would amount to roughly 9.6mm of rainfall per day
or 288mm of rain per month. 100% saturation as marked in Graph 1 in purple, was significantly
below average rainfall for Yungilla, as were the subsequent 50% and 75% saturation points also
shown in graph 1.
Despite these saturation points representing a less than average rainfall scenario the
potted plants quickly became waterlogged as seen in photo 5 located in the appendix. By day six
the saturation percentage being used did not matter, as water was beginning to pour over the
sides of the pots at every saturation level. For this reason methodology was changed to watering
every third day. Despite the appearance that the hydration percentage made no difference there
was a variation in plant health after day nine, showing that higher hydration percentage lowered
health on average as seen in graph 2.
Even with the deterioration of plants, high saturation was observed to do as much less
damage to the plants, especially Fragaria, than anticipated. All Fragaria plants suffered little to
no damage. During day zero the health score given to all of the plants was a 1(lowest possible
amount of damage). By day 21 all Fragaria plants also received a 1, indicating that for the
Fragaria plants, waterlogging for 21 days had little to no negative effect on health.
Graph 1: Yunguilla rainfall distribution curve with hydraulic stress testing saturation
percentages shown as well.

Graph 2: Showing the mean plant health of both Capsicum and Fragaria on 1-10 scale 10 being
100% damage, based on hydration percentage used. Green data points are where all three
hydration percentages showed no sign of deterioration, and no differences in health between
hydration categories. None of the plants showed any changes in health until day 12.
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Soil erosion Testing
Map 2: Soil erosion testing site locations throughout Yunguilla.
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Soil analysis done for each site location shows that the majority of soil in the Yunguilla
testing site was sandy, and that the soil used in the hydraulic stress testing ( a sandy loam), was a
typical soil for the area. This was further corroborated by local farmers as discussed in the soil
analysis results section.
Graph 3: Shows frequency of soil type at testing sites.

Erosion testing showed that slope did have an effect on the amount of water needed to
cause erosion, as seen in graph 4. However, both graph 5 ( located in the appendix), and the
correlation coefficient shown in chart 1, show that the correlation was only moderate. Soil
contents were shown to have a weak or negligible effect on water needed. These findings are in
contradiction to the general scientific consensus that slope, and soil type are major factors in
erosion, as indicated by the inclusion in the USLE. The abnormality of these findings may be due
to a variety of factors including: a small amount of data, minimal control over site conditions for
the experiment, difficulty in objectively deciding what constitutes erosion at each site, and
variability in water application technique site to site.
The data also shows the mean amount of water in millimeters needed to cause erosion on
an 1x1 meter plot with no vegetation was between 400-200 thousand mm depending on slope.
The amount of water plummeted when comparing slope categories 2.9-19 and 20-27, but 20-27,
compared to 28-30, 31-37, and 38-53 had much less variation. Again these findings could be due
to the small amount of data collected, or by how scattered the individual data points were, as
seen in graph 5.
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Graph 4: Shows mean amount of water needed to cause erosion in millimeters by slope
category.

Chart 1: Shows correlation coefficient of different variables on water needed to cause erosion,
and an assessment about the strength of the correlation based on the paper “Correlation
coefficients: Appropriate use and interpretation” (Schober, Boer, & Schwarte, 2018).

Variable

Correlation Coefficient

Strength of Correlation

Percentage of sand

0.047

negligible

Percentage of silt

0.159

weak

Percentage of clay

0.318

weak

Slope

-0.500

moderate
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Erosion Risk Assessment
In order to chart erosion, five categories were created. The map containing color coded
slope values (figure 2), shows a significant amount of Yunguilla land sits on medium to high
slopes, which is further highlighted in Figure 3, containing only medium to high slopes.
Map 2: Slope values in Yunguilla divided into five categories based on degrees of slope.
Map 3: High risk slope values of 28 degrees or above.

The risk by land cover map (Map 4) shows mostly forested areas (unmarked)
surrounding Yunguilla. Only a small amount of land was “high risk”, characterized by having no
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cover at all (marked in red), however, there was much more medium risk land (marked in
yellow), characterized by only grass cover. The white colored area shows the proximity of
residential areas to medium and high risk land,while the blue outlined area highlights the most
populated residential area (Map 4).
Map 4: Risk by Land Cover. Where orange is medium risk, red is high, and the white areas are
residential.

17

The final map (Map 5) shows the intersection of high to medium risk slopes that overlap
high to medium risk land cover. These areas are the most likely to erode according to the USLE.
These areas are a combination of slopes over 28 degrees that have grass or bare soil cover,
making them more susceptible to erosion than other locations.
Map 5: Areas of relative high risk based on slope and land cover overlapped with the
beige area representing residential locations.
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Discussion:
Hydraulic stress testing
The hydraulic stress testing experiment did not go as initially planned. The original intent
was to develop an understanding of what increased rainfall would do to crops. However, the
amount of water used in the experiment was determined based on the hydration percentage of .7
kg of potted soil. The plants were placed in pots, in order to better control the water being given
every day as drainage would not be a factor. However, without drainage, the pots quickly became
completely water logged to the point that more water could not be added to the pots.
Even at 100% hydration, essentially a 1:1 ratio of water to soil, the amount of water
added daily constituted less than the mean daily rainfall for Yunguilla in April as seen in graph 1.
Instead of modeling an increased rainfall scenario the experiment codified the importance of soil
drainage in the Yunguilla cloud forest area. Drainage will only become more, and more,
important as rainfall increases. This study did not model the intended scenario, however it did
show that soil drainage is an important focus for Yuinguilla’s future as opposed to water
retention which will become important in other regions with climate change.
Surprisingly, even after 21 days of being waterlogged, plant health was relatively good
with only Capsicum plants suffering wilting and no plants dying. Fragaria held up much better
to waterlogged conditions in comparison to Capsicum plants. The Fragaria plants being watered
at 100-50% hydration did not show signs of fruiting, but neither did the planted control
Fragaria. This indicates that either there was not sufficient sunlight to produce strawberries, or
the study time of 21 days was not sufficient to yield fruit. Further testing of yearly sunlight
availability, growing methods and variety testing, would be needed to determine whether
Fragaria could be commercially viable in Yunguilla. This would be beneficial because it is one
of the main fruits used for the community jam business but is not currently grown in the area.
Another interesting piece of qualitative data that was observed, was the lack of root rot in
both Capsicum and Fragaria plants. Root rot was much less of an issue than anticipated,
especially since cool climates, such as the ones found in the cloud forest cloud forests, are
associated with higher levels of rot (Gongora-Canul et al., 2011). One possible reason for this is
that adding compost to soil has been found to affect certain types of root rot, and the soil used in
the hydraulic stress trials had been enriched with compost for years according to local people
(Bareja, 2010).
Soil Composition testing
According to community members, the area chosen to provide soil for hydraulic stress
testing used to be very sandy but has been successfully enriched with compost and plants now
grow well in it. Composition testing of the soil showed that it was a sandy loam soil.
Sandy loam soil and loamy sand are considered to have high surface area and a low charge,
compared to other soils. Therefore, it is a quickly draining soil but does not attract a lot of
nutrients (Gardening in Sandy soils). However, compost increases nutrient and water availability
in soil, so the soil is likely more nutrient rich than most sandy loams.
The addition of the compost to the soil has most likely also affected the soil's chemical,
and biological properties, significantly. Adding compost to soil affects water retention and
dispersal. This has a significant effect on nutrient availability, and cycling of organic matter,
because the microbes that release nutrients from the organic matter depend on moisture (Doung,
2013). Because nutrients, water retention, and soil composition have such an interconnected
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relationship it is not possible to fully understand the way in which the addition of organic matter
has altered the soil composition without further testing. When asked, Yunguilla residents said
that adding compost to soil has created better growing conditions for the current environment
and crops planted. Should changes in weather and rain occur, however, this soil may no longer be
as ideal for crop growth, as it could require more drainage. Balancing the need for drainage and
nutrient availability will depend largely on the target crop, and could prove difficult and climate
change makes it harder and harder to predict rainfall patterns.
Erosion Testing
Based on the testing done at each of the erosion sites, as well as the expertise of local
farmers, this paper concluded that the soil used in the hydraulic stress testing experiment was
typical for Yunguilla. The data from the erosion testing sites shows that the majority of soil is
fairly sandy. 50% of soil is sandy loam, 12.5% is sandy clay loam, 18.8 % is loamy sand and
6.3% is pure sand as shown in graph 3. This leaves only 12.6% of soils used as erosion testing
sites that were not classified as sandy. Erosion testing sites were chosen based on ease of access
to the main road in order to get equipment to the site. Herefore, the sites should provide a fairly
random sample of Yunguilla soil unless the road construction has affected surrounding soil.
Assuming that most Yunguilla soil is sandy we can start to understand a few things about
its erodibility. Sandier soils prove useful for drainage, and have a higher infiltration rate
compared to clay heavy soils (Ritter, 2012). Sandand sandy loam also tend to be less erodible
than silt, very fine sand, and certain clay-textured soils, due to the higher infiltration rates (Ritter,
2012). However, sandy soils are more susceptible to erosion than loam and other soils with high
organic matter. The larger the average particle size in soil, the less kinetic energy is required to
move it, making it easier to erode, meaning that sand alone is quite susceptible to erosion
(Morgan, 2005). So areas that have been clear cut, and have little organic matter are most likely
much more vulnerable to erosion.
The erosion testing further found a negative correlation between slope, and water
quantity needed to cause erosion. Essentially, as slope increases water quantity decreases. These
findings are consistent with the general scientific consensus as well as other studies that show
that erosion increases as slope gradient gets larger (Bo et al., 2019). While there was a
correlation found in the data, it was not high. The -0.5 correlation coefficient is considered
moderate (Schober, Boer, & Schwarte, 2018). As discussed in the results section, this weak
correlation may be due to insufficient data. This idea is supported by other studies that show that
the variation of runoff test to test and site to site can vary greatly. When determining K,
erodibility factor, many data points are needed to create an average for that study area (Alewell,
et al., 2019). In this case the data is not faulty, but rather to establish a baseline that would give
accurate predictions of slope to water quantity to cause erosion, we need more data.
The correlation strength however, is less important than the actual quantity of water
needed to cause erosion at each inclination interval. What is important is understanding roughly
just how little or just how much water it takes to cause serious erosion in the area. This is
especially true since Yunguilla soil has been fairly consistent throughout the sites looked at in
this project (Graph 3). The lack of variability in soil type allows us to assume that what was true
in this experiment would be true for most bare soil sites in the area.
For an area that receives a mean daily rainfall of 14.23mm2 the 470,000-170,000 mm of
water found to be required to create erosion, is such a large quantity that the potential of the
scenario paying out seems negligible. However, when looking at this number we need to
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consider that for this experiment “erosion” was defined as soil or other matter moving from the
top of the 1x1 meter plot to the bottom. This scenario is very different from how erosion
typically occurs. Erosion is typically not as dramatic a process, moving small amounts of
sediment little by little with the Andean cloud forest typically eroding 2.1-8.5 mm per year
(Poveda, et. Al, 2020). The water was also poured top down and did not mimic rainfall, which
would have been spread more evenly. While this may have given more time for absorption, the
impact of water droplets would have also scattered soil particles causing additional erosion
(Mouzai, & Bouhadef, 2003). Finally, while this amount of water being rained onto a 1x1 meter
area seems unlikely, on a slope, un-absorbed water could wash down, causing enough water to be
added to the site to recreate the relatively extreme erosion modeled in the experiment.
Throughout Yunguilla there are examples of extreme erosion events such as landslides,
like the one in photo 6 in the appendix. As is evident with the erosion experiment a lot of water
needs to be carried or added to these sites to cause so much erosion. It is unlikely that just
rainfall did this, as even more water than what was required in the experiment would be needed
if the area was previously vegetated.
The explanation for this is that slope length, which was not used as a factor in this paper
or the mapping, but is a part of the USLE, has led to this level of erosion. The longer a slope is
left unbroken by a valley or tree line, more erosion typically occurs as water flows down the
slope (Marden, 2012). We again see just how important absorption, and water retention, are to
Yunguilla. Landslides are likely occurring partly due to unabsorbed water being washed down
steep slopes. Effort to break slope lengths and retain water with tree lines or ditches could be
beneficial towards preventing erosion according to this data.
Mapping
As the erosion testing showed, high slope and bare soil increases the risk of erosion.
Areas that have one or both of these are likely to have higher erosion risk than others. We can
further expand our erosion risk areas based on other studies that show that disturbed pasture land
or grazing sites, such as the cow pasture found all over Yunguilla, have a higher erosion risk than
forest (Sharifi, et al., 2020). Based on ground cover and slope, map 5 shows the areas in
Yunguilla most susceptible to erosion.
There are a multitude of important factors this map did not use as parameters for erosion
risk. As discussed, soil type was assessed but was not a factor used to analyze erosion risk for the
maps. However, the soil is uniformly sandy as seen in graph 3, so while there is most likely some
variance that may make an area more or less erosion prone, the erodibility factor is likely very
similar across the area (Morgan, 2007). With little variance in soil type affecting the accuracy of
maps, we can conclude that the areas in red are more likely to erode than other areas in the
community. What this means is that reforestation would be most beneficial in these areas and
leaving them bare should be avoided more than any other locations in Yunguilla ( Marden, 2012).
It is important to note that high risk areas are high risk only in comparison to other
surrounding areas. These maps can not be used to show how likely erosion is, only that it is more
likely in these areas than others in the community. These maps can be useful for reforestation
projects, or deciding whether or not to plant a new area. Calculating the likelihood of erosion for
these areas would be a much more involved process and would require the examination of more
factors.
In addition to the USLE factors, tectonic activity should be considered, as the Andes may
be more tectonically active than other areas, and this has shown to be a bigger factor than
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temperature when considering erosion (Granger, 2007). Another factor that should be looked at
when considering the erosion risk assessment is that an increase in extreme weather events could
significantly increase the probability of erosion even in sites that were not flagged. It is
considered that high intensity rain events have a much stronger potential to cause erosion than
normal seasonal rains (Fischer., & Winterrath, 2021). Again, the flagged sites are more at risk in
comparison to surrounding areas, but this is absolutely not to say that sites that were not flagged
will not erode.
Furthermore this study only looks at erosion by rain. Areas near rivers or other water
bodies can be threatened by a different form of erosion or flooding. In Yunguilla, river areas
typically have tree cover lining their border, which is known to help mitigate the effects of
agriculture on water bodies as well as prevent erosion. Unfortunately the tree cover is thin in
some areas and could still be highly susceptible to flooding (“Planting Trees to Protect Water”).
Another important factor when talking about the danger of erosion is that not all areas
have equal importance to a community. Areas near roads, homes, and water bodies used for
drinking, need to be given care and attention even if they are not considered “high risk”.
Communities need to be involved in erosion management, as they know what areas are important
to protect. During the erosion testing one of the sample sites sat on top of what used to be a
spring but was now covered due to erosion. Had it not been pointed out by a community member
the importance of that site would have been lost to this study. Many of Yungillas roads have been
damaged by landslides and erosion. Even minor landslides can be extremely dangerous, as they
cut off the only way in or out of the town. Roadside areas need to be prioritized for safety, and
access, reasons. The slope calculations done in GIS were also not sensitive enough to show the
often very steep angles created by cutting into the mountain to build the road. This means that
the road side areas are likely more susceptible to erosion than depicted on the map, as evidenced
by the many small landslides that were nearby, one of which is shown in photo six located in the
appendix.
Conclusion:
As climate change alters weather patterns worldwide, farming communities must brace
for the impact. Each community needs to decide how best to adapt. If I have learned anything in
Yunguilla it is that local people know their land intimately, and with the support of science and
policy, are more than capable of rising to the challenges posed by climate change.
Reforestation is the most effective method to reduce erosion, as even a grass cover does
not have nearly the same root depth as an established forest (Marden, 2012), if there is one thing
that should be taken away from this study, it is the areas of high risk should be looked at as
important potential improvement points for the community. Based on slope and ground cover,
these areas would have the most to gain by being reforested. Should this not be possible, cover
crops on bare soil areas could be another possibility. Cover crops have been proven to reduce
erosion by around 37%. Yungilla has a year round growing season so using crops to reduce
erosion is a possible solution. However, planting a variety of crops rather than one or two,
which is a standard in Yunguilla, would mean planting cover crops more often and potentially
require more labor (TerAvest et al., 2015). If using a cover crop is not possible, mulching has
also shown to be an effective counter against erosion reducing runoff by 15.5% on average
(TerAvest et al., 2015).
The viability of these improvements would need to be decided by the community. It is
easy to suggest changes without considering the money, time, and labor that might need to be put
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into them. It falls to community members to decide which options, if any, they will use to
prevent erosion on their land.
The maps created by this project could be used as a tool to aid in decisions of land use.
For example deciding whether to till soil. Tilling of soil, which is customary in Yunguilla, has an
effect on erosion and water retention. Tilling plots tends to create more erosion than no till
method, which would essentially leave grass cover. However, tilling may actually be useful in
allowing for additional drainage compared to an untilled plot. Whether a till or no till method is
used, needs to be determined by area risk, compared to the needs of whatever is to be planted
there (Busari, Kukal, Kaur, Bhatt, & Dulazi, 2015). If the area has been flagged as high risk,
choosing a crop that can be grown with no till could be useful.
Like with any matter, there are places for improvement, but there are other measures that
Yunguilla is already taking to prevent erosion, even if that is not the main intent of the project.
The use of organic manure fertilizer, and other compost, which is already a custom in Yunguilla,
has also proven effective as it lowers detachment rates of soil (TerAvest et al., 2015). Increasing
this practice and spreading it to other communities could be a way to both combat erosion and
increase soil fertility without the use of chemical fertilizers.
Overall, understanding how to limit the amount of erosion is important for both the
preservation of this important ecosystem and the community’s way of living. The maps and
research done for this project, could be a useful starting point for a community conversation
about erosion prevention, and the potential for climate change to affect the ecosystem. The
conclusions drawn in this paper are by no means definitive, and the suggestions posed to
Yunguilla, are given with the greatest humility as an outsider to the community. The only
certainty we do have is that change is coming, and Yunguilla is by no means the only community
that will be forced to adapt.
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Appendix:
Graph 5: Shows amount of water needed to cause erosion in millimeters by slope. This graph
shows all unique data points as well as a line of best fit.

Photo 5: A 50% hydration pot from the hydraulic stress testing experiment on day 6,
completely waterlogged and no longer absorbing and adding moisture. This particular pot is
slightly bigger than some of the other ones being used which had water spilling over the sides.
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Photo 6: One of many landslides visible along the roadside. This one did damage to the
road stones and curb.
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